Abstract: Ofdm
Introduction
Orthogonal Frequency Division Multiplexing (OFDM) is the division of high bit streams to low bits and it is a method of encoding of digital data on multiple carrier frequencies. OFDM is combined with both modulation and multiplexing. Frequency Division Multiplexing (FDM) which divides the available bandwidth into different subcarriers but the subcarriers will not overlap with each other. In case of OFDM, the carriers are orthogonal to each other thus providing overlapping. The advantage of OFDM is it will provide high spectral efficiency. OFDM can be effectively implemented using Fast Fourier Transform (FFT).It is the most popular transform to obtain frequency spectrum of signals. Here, cyclic prefix are added to reduce the Inter Symbol Interferences (ISI). But the addition of cyclic prefixes reduces the spectrum efficiency. This is one of the disadvantages of FFT OFDM.
The disadvantage of FFT OFDM can be solved by using DWT OFDM [1] . The DWT OFDM divides the symbol into two components such as low and high. The low frequency components are approximated coefficients and high frequency components are detailed coefficients. Here there is no need for cyclic prefix thus bandwidth can be consumed. The two important properties of DWT are perfect reconstruction property and orthonormal basis property. With this property, we can perfectly reconstruct the symbol at the receiver. Here, wavelet transforms are considered in the presence of phase noise. Phase noise is a random process which is caused due to the fluctuations of the transmitter and receiver oscillators. The phase noise leads to leakage of signals which destroys the orthogonality among the carriers. The two effects of phase noise on OFDM are Common Phase Error (CPE) and Inter Carrier Interferences (ICI) [1] . CPE causes subcarrier rotation and ICI introduces interference to subcarriers. This paper proposes the improvement of BER in the presence of phase noise. For that LDPC coded DWT OFDM is performed in the presence of phase noise and the outputs are plotted.
II. Dwt Ofdm
The Discrete Wavelet Transform (DWT) [2] of a sequence having N components can be expressed as N×N matrix. In fourier analysis the signal can be divided into a set of sinusoidal functions. But wavelet transform decomposed the signal by a LPF and HPF after down sampling. From low pass filter we get approximation coefficient and from high pass filter we get detailed co-efficient. The approximated coefficients consist of more information. Wavelet OFDM is similar to FFT OFDM. Here we are using IDWT and DWT instead of IFFT and FFT. The block diagram shown in figure 2 will give more information about its working.
On the transmitted side the input data is modulated using QAM and then we applied IDWT. The output will be a sequence of OFDM signal by up sampling and filtering. The IDWT output can be given as,
Where, are wavelet coefficients and ( ) is the wavelet function. At the receiver reverse operation is carried out. The DWT dounsamples the received signal and the output can be written as, The two important properties of DWT OFDM are orthonormality and perfect reconstruction property. The LPF and HPF have to satisfy orthonormal to satisfy orthonormal bases which means they must be orthogonal and normal to each other. The possible ways are,
Where, (3) or (4) related to normal property and (5) or (6) related to orthogonal property.The block diagram of wavelet based ofdm can be given as,
Fig .1.Block diagram of DWT OFDM
The IDFT used in transmitter side contains two or three filter banks. The receiver reproduces the approximated coefficients which are modulated carriers and detailed coefficients which are zeros then discarded. The IDWT transmitter and receiver can be drawn as follows, IDWT used in DWT used in transmitter side receiver side Modulated data carriers can be given as and for zero padding will done. Then series of upsampling will be done. This converts the carriers required for final transmission version . The other applications of wavelets than OFDM are computer and human vision, finger print compressions, denoising noisy data, musical tones etc.
III. Phase Noise In Ofdm
Phase noise is the random noise which is occurred at transmitter or receiver oscillators. It is one of the important disadvantages faced by the OFDM signal. Theoretically phase noise in OFDM can be modelled as Brownian process. An OFDM signal affected with phase noise will resulting in two types of phase errors at the receiver side such as Common Phase Error (CPE) and Inter Carrier Interference (ICI). The received signal with phase error can be expressed as [1] , 
Performance Improvement of DWT OFDM in Presence of
Known as Common Phase Error (CPE) and ∅ is the angle due to the rotation of the constellation is given by,
If ≠ equation (10) will be the Inter Carrier Inter Interference (ICI).
The effects of the CPE and the ICI in the OFDM signal may be given as, 1. CPE leads to the rotation of the constellation which needs to be corrected at the receiver side. But it will difficult if the number of subcarriers are large. 2. ICI makes the system to lose its orthogonality and resulting in severe ruining of the received signal. 3. The overall effect of these CPE and ICI can be made the 4. degradation of the BER performance of the system. Therefore, in this paper we are trying to improve the BER performance using different wavelet transforms such as haar and db2 in presence of phase noise. Also to improve the performance of the system, the effect of phase noise should be reduced. For that a coding technique which is LDPC (Low Density Parity Check) codes are used. The encoded data is transmitted in presence of phase noise and it is decoded at the receiver end will improve the BER performance.
IV. Proposed Work
The proposed work used LDPC coding [3] technique to encode and decode the data and DWT OFDM in presence of phase noise. Figure 3 represents the proposed block diagram. That is the LDPC encoded data is used for taking IDWT and phase noise is added at the channel. At the receiver side LDPC decoding will be done after taking DWT.
Fig.3. Proposed DWT Block diagram
For an LDPC encoding an LDPC matrix along with a parity check matrix is created. The check matrix can be represented by using a tanner graph. An example for a check matrix with dimension 4×8 is given as, By using the check matrix, check vector will be generated. Along with the check vector data is transmitted. The check vector and the data bits can be said as the encoded message bits. This encoded signal is the message signal which is transmitted. The tanner graph for the above matrix can be drawn as,
Fig.4. Tanner Graph
Here, the number of rows can be arranged as check nodes(c nodes) and the number of columns can be arranged as variable nodes (v nodes). At the receiver side after DWT the symbols will be decoded. In the decoding section the received bits will check the parity by using the paths denoted in the tanner graph. The obtained output will have better BER performance when compared with the existing methods.
V. Simulation Results
The BER of DWT OFDM in the absence of phase noise is plotted in figure 5 . From the above simulation result it is clear that in the absence of phase noise both the transforms has almost same BER performance. While adding phase noise the simulation results are as shown in figure 7 . The BER performance of FFT OFDM, Haar wavelet transform and Daubchies wavelet transform in the presence of Phase noise were plotted. While adding phase noise DWT OFDM is having better performance when compared with FFT.
To reduce the effect of phase noise an error correction code LDPC (Low Density Parity Check) is used. That is the input is encoded before transmission and it is decoded at the receiver. Since LDPC"s are error correction codes used in noisy environments, the effect of phase noise added in DWT OFDM should reduced and the Bit Error Rate performance should be better compared with non coded outputs. The BER of Haar transforms after LDPC coding and the theoretical simulation of a normal OFDM symbol is plotted in figure 8 . 
VI. Conclusion
The disadvantage of FFT OFDM which is the addition of cyclic prefix can be overcome by using DWT OFDM. Thus the bandwidth can be reduced. The DWT OFDM is performed in presence of phase noise which is a major factor that affects OFDM symbols. For doing comparison, first the BER of FFT OFDM and DWT OFDM without adding phase noise are performed separately. From the results, DWT and FFT OFDM have almost same BER. In presence of phase noise for an SNR = 2db FFT has BER of 10 -1 while Haar and Daubchies wavelet transform has BER of 10 -3 and near to 10 -4 respectively. In order to improve the BER performance by removing phase noise, LDPC coding is done. After LDPC coding, for SNR = 2db Haar achieved a BER of 10 -4 which is better than the non coded output. 
